Nonalcoholic fatty liver disease (NAFLD), a metabolic disorder related to insulin resistance and metabolic syndrome, has become a public health concern. Currently, the principal therapeutic modalities targeting NAFLD are lifestyle interventions. However, the efficacy of long-term lifestyle interventions in managing NAFLD remains largely unexplored. This study aimed to evaluate the efficacy of long-term lifestyle interventions in middle-aged and elderly men with NAFLD. All 280 eligible patients were randomized to the control or test group. Patients in the test group received counseling on diet and exercise from 2 physicians every 3 months via a phone call. Patients in the control group received only counseling in annual checkups without regular intervention. After the 2-year periodic intervention, body weight, abdominal circumference, ALT, TCH, LDL-C and HDL-C decreased in the test group. Specifically, the fatty liver index (FLI) and NAFLD-fibrosis score (NAFLD-FS) reduced markedly in the test group. However, in the control group, there was only a significant decrease in LDL-C, HDL-C and NAFLD-FS (P < 0.001). The liver steatosis grade of the test group decreased significantly, while it increased in the control group. In NAFLD, long-term lifestyle interventions exert an anti-obesity effect and attenuate liver dysfunction and steatosis.
Nonalcoholic fatty liver disease (NAFLD) is a term encompassing a spectrum of clinical liver abnormalities ranging from simple hepatic steatosis without biochemical liver dysfunction to steatohepatitis and even cirrhosis and hepatocellular carcinoma 1, 2 . NAFLD has become a global health hazard in parallel with the obesity pandemic. The prevalence of NAFLD ranges from 15% to 35% in the general population in Europe and the Middle East, with similar numbers in China, and increases to as high as 70% in obese individuals and 90% in diabetics 3, 4 . Several risk factors contribute to the development of NAFLD, including obesity, sedentary lifestyles and high-calorie diets. In addition to the metabolic syndrome components such as obesity, hypertension, diabetes, and lipid metabolic disorder, the pathogenesis of NAFLD is also closely related to gender and age 5 . In patients with nonalcoholic steatohepatitis, half of deaths are due to cardiovascular diseases and malignancies, yet awareness of these risks remains low 6 . Cirrhosis, the third leading cause of death in patients with NAFLD, is predicted to become the most common indication for liver transplantation 2 . The incidence of NAFLD-related hepatocellular carcinoma is increasing, and up to 50% of cases may occur in the absence of cirrhosis 7 . As such, the treatment of NAFLD has become an area of much interest. Non-pharmacological lifestyle interventions positively affect NAFLD and are recommended as a first-line therapeutic method. Diet and exercise are the main treatment for the majority of patients with NAFLD. Weight loss is beneficial, and the degree of liver histological improvement is proportional to the amount of weight loss 8, 9 . However, most individuals fail to achieve proper weight control, and compliance with lifestyle modifications is typically poor. Therefore, we examined whether appropriate guidance regarding diet and exercise offered periodically would improve the state of NAFLD. According to a Scientific RepoRts | 6:36783 | DOI: 10.1038/srep36783 meta-analysis conducted by Lorenzo A. et al. 10 , exercise-based interventions for NAFLD can reduce intrahepatic lipid content and attenuate hepatocellular injury; unfortunately, most trials involved lasted less than one-year.
To better understand this issue, we performed a large-scale, randomized controlled trial to investigate the impact of long-term lifestyle interventions on middle-aged and elderly men with NAFLD as demonstrated by liver ultrasound.
Results
Baseline characteristics of the participants. A total of 319 patients were enrolled in this study. Notably, 25 patients with hepatitis B, 3 with hepatitis C and 11 taking medications were removed. During the first and the second year follow-ups, 8 and 12 patients dropped out of the study, respectively (2 died of cardiovascular diseases, 2 died of cancers and 1 died of a car accident; 11 showed poor compliance and 4 were reluctant to repeat physical examinations). Thus, a total of 260 subjects were included in the final analysis (130 in the test group and 130 in the control one). Overall, the average age of the subjects was 57.31 ± 5.55 years. No significant difference was observed in the baseline parameters between the two groups (see in Table 1 ). A consort flow diagram of this study is shown in Fig. 1 .
Alterations in physical parameters. In parallel with the significant decrease in body weight and abdominal circumference (P < 0.001), laboratory variables (including ALT, TCH, LDL-C and HDL-C) improved significantly (P < 0.001) in the test group; the serum TG concentration almost reached the normal range, but this improvement did not achieve statistical significance. Furthermore, we observed a significant decrease in the FLI and NAFLD-FS in the test group. However, in the control group, there was a clear improvement in only LDL-C, HDL-C and NAFLD-FS (P < 0.001), whereas the other parameters (including body weight, abdominal circumference, ALT, TCH, TG, and FLI) remained essentially unchanged. Within the test group, there was an apparent effect on body weight and dyslipidemia before and after the intervention. However, when compared with the control group at the end of follow-up, these variables did not show significant discrepancies (see Tables 2 and 3) .
Alterations in liver fat deposition. The changes in liver steatosis grade detected by liver ultrasound are summarized in Fig. 2 . At entry, neither the individual hepatic steatosis grade nor the proportion of patients Table 1 . Comparison of baseline characteristics between the test group and control group. FLI = fatty liver index, NAFLD-FS = NAFLD-fibrosis score, BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, ALT = alanine aminotransferase, AST = aspartate aminotransferase, GGT = gamma-glutamine transpeptidase, TCH = total cholesterol, TG = triglyceride, LDL-C = low-density lipoprotein cholesterol, HDL-C = high-density lipoprotein cholesterol, FPG = fasting plasma glucose.
distributed in the four categories significantly differed between the two groups. After the first year of the intervention, an improvement in liver ultrasound results was found in both groups, but no significant difference in liver fat deposition was observed. After the second year of the intervention, however, the hepatic steatosis grade of the test group was clearly reduced, whereas it increased in the control group. The number of grade 1 steatosis patients increased dramatically in the test group, while the number of grade 3 patients grew significantly in the control group (P < 0.001). The results are summarized in Tables 2 and 3 .
Adverse Effects. The lifestyle intervention was well tolerated. No adverse events associated with the lifestyle modification program were reported for any cases during the entire trial, due to the appropriate guidance provided and the good adherence to the intervention.
Discussion
NAFLD, a hepatic manifestation of the metabolic syndrome, has become a common but often silent chronic liver disease worldwide. Insulin resistance and oxidative stress are involved in the pathogenesis of NAFLD
11
. Lifestyle interventions focusing on diet and exercise remain the cornerstone of NAFLD treatment. Several studies have found that gradual weight loss and regular physical activity can help treat NAFLD by improving insulin sensitivity and reducing hepatic steatosis 12, 13 . In this prospective study, a two-year lifestyle intervention of a diet tailored to individual calorie requirements and an increase in physical activity was associated with a significant improvement in the severity of hepatic steatosis and liver dysfunction.
The peak prevalence of NAFLD has been reported to be in those 50 to 65 years old. Additionally, the prevalence of NAFLD was significantly higher in males than in females within the same age group 14 . Furthermore, men in this age bracket often develop bad lifestyle habits such as sedentary behavior and high-fat dietary patterns. However, women in this age group usually experience menopause, and thus the prevalence of NAFLD tends to increase partly due to the decreases in estrogen. Therefore, we chose to investigate male participants who were older than 45 years old in this study. Improvements in liver dysfunction by lifestyle intervention are considered to be a consequence of the restoration of insulin sensitivity. Accumulating evidence suggests that NAFLD is associated with obesity, diabetes mellitus and dyslipidemia. A primary study found that weight changes were markedly correlated with changes in biochemical parameters. Additionally, weight loss may be a predictor of all non-alcoholic steatohepatitis-related histologic improvements 15, 16 . Consistent with previous findings, our results demonstrated that a 2-year periodical lifestyle intervention based on diet control and increases in physical activity in middle-aged and elderly men with NAFLD decreased liver enzyme, TCH, LDL-C and HDL-C levels, body weight and abdominal circumference. Moreover, it should be noted that the lifestyle intervention achieved a significant degree of reduction in hepatic steatosis.
The strengths of the present study included the recruitment of a consecutive series of a large number of subjects and the low dropout rate (7.1%), which minimized the selection bias. Another advantage was the duration of the long-term longitudinal follow-up, as it surpassed those of most similar studies.
In interpreting our findings, several major limitations need to be considered. First, we diagnosed NAFLD through ultrasound rather than the gold standard liver biopsy. Ultrasound is an inexpensive and noninvasive diagnostic tool that has a sensitivity of 93% when there is more than 33% steatosis; however, the sensitivity is poor when there is less than 30% steatosis 17, 18 . Additionally, ultrasound cannot detect liver inflammation or fibrosis. Newer ultrasound techniques that can more accurately quantify hepatic fat content may partly overcome this limitation 19 . According to the American Association for the Study of Liver Diseases (AASLD) guidelines, liver biopsy is the gold standard for diagnosing NAFLD 20 . However, due to its invasiveness and possible complications, most subjects are not inclined to accept a biopsy to diagnose NAFLD. Other methods such as computed tomography (CT), magnetic resonance imaging (MRI) and Fibroscan are also recommended for diagnosing NAFLD. CT does not improve the detection sensitivity if steatosis is mild and has the disadvantages of increased cost and radiation exposure. MRI, including magnetic resonance spectroscopy (MRS), is able to detect the presence of hepatic fat greater than 5.56% with an accuracy rate close to 100%; however, both are expensive, and MRS has limited availability 21 . Perhaps we can employ liver biopsy, Fibroscan CAP or MRI to improve the detection accuracy in further studies. Second, because the data were obtained from outpatients, only partial data on fasting insulin, TNF-α , IL-6, adiponectin and leptin were collected. Hence, we did not show these data in our results. Third, the intensity of our intervention was insufficient. A retrospective study compared mild-, moderate-, and high-intensity exercise regimens in 169 patients with detectable hepatic fat. Only participants in the highest intensity exercise group (> 250 min/week) had improved metabolic parameters and significant hepatic fat reduction 22 . Previous research demonstrated that the decrease in serum ALT levels was associated with the amount of weight loss (r = 0.35). The AASLD practice guidelines indicate that weight loss of least 3-5% appears necessary for improving steatosis, but a greater loss (up to 10%) may be needed to alleviate necroinflammation 23 . A recent study showed that intensive inpatient and ambulatory treatments are more effective than usual care 24 . According to Vilar-Gomez et al. 25 , aggressive lifestyle interventions can resolve NASH and regress fibrosis. Additionally, we did not involve resistance training in our study. Indeed, there is evidence that both aerobic activity and resistance training have beneficial effects on NAFLD. In a large sample of Korean adults, it appeared that any reasonable amount of physical activity was better than no physical activity because prolonged sitting times were shown to be positively associated with the prevalence of NAFLD 26 . Lastly, our records were not very detailed regarding the components of the participants' diet and exercise. Therefore, additional studies with thorough designs are needed to confirm previous findings.
As the use of repeated liver biopsy may not be possible for ethical and practical considerations, it was difficult to obtain liver biopsy as well as some serological indicators (such as fasting insulin and TNF-α ) for all the subjects. However, we believe that the repeatability and practical utility of the lifestyle intervention is worthwhile. In the future, we plan to popularize the intervention using the media. Certainly, for patients with NASH, a lifestyle intervention alone is far from sufficient; supplementary beverages, foods and drugs are essential to alleviating liver inflammation and necrosis.
Several polyphenols, such as curcumin, anthocyanins, resveratrol and those present in coffee, tea, and soy, are available in the diet; their consumption can be proposed as part of a healthy diet for NAFLD treatment. Natural phenolic compounds can promote lipolysis, inhibit lipogenesis and counteract hepatic fibrogenesis 27 . In a cross-sectional study, although no association was demonstrated between coffee consumption and the new onset of NAFLD, high consumption of coffee was related to a lower proportion of clinically significant fibrosis ≥ F2; part of the benefits can be attributed to caffeine content 28, 29 . Experimental studies have shown that diets enriched with omega-3 polyunsaturated fatty acid can increase insulin sensitivity in rats, reduce intrahepatic triglyceride levels and improve steatohepatitis 30 . Notably, insulin sensitizers such as metformin play a positive role in NAFLD treatment 31 . Several other medicines such as probiotics and vitamin A and E have also been reported to be efficient in managing NAFLD [32] [33] [34] . However, the effects of pharmacological agents on NAFLD require further exploration.
In conclusion, the present study demonstrates that a 2-year lifestyle intervention for middle-aged and elderly men with NAFLD manifests an anti-obesity effect and reduces liver dysfunction and steatosis. The end point of our study included changes in body weight, liver enzymes and intrahepatic lipid content. Based on the longitudinal follow-up of patients with NAFLD and a periodical oral intervention, the severity of liver steatosis decreased and related metabolic indicators improved. Without the intervention, the prevalence of fatty liver had a progressive trend. The effect of verbal intervention alone is limited, but as it is easy to implement and convenient to communicate via media, it will play a crucial role in the general population with NAFLD. The amount of physical activity per week was essential to the overall success in weight loss and maintenance. Currently, physical exercise appears to be related to a decline in hepatic fat, even in the absence of weight loss. Furthermore, patients should be encouraged to consciously sustain an appropriate diet combined with increased physical activity even when the study has been completed. Finally, our findings support the current recommendation that lifestyle modifications incorporating diet and exercise should always be the fundamental therapeutic intervention used for NAFLD. This study reinforced the notion that appropriate diets coupled with exercise could produce weight loss as well as histological improvements in NAFLD. However, more extensive investigations are urgently needed in the future.
Methods
Ethics Statement. This present study was approved by the Ethics Committee of Huadong Hospital, Fudan University. Before the start of the study, all participants provided written informed consent. This study was registered at chictr.org (ChiCTR-IOR-16008949) in August 2016. We confirm that the study methods and reporting were conducted in accordance with the CONSORT 2010 guidelines.
Participants. This is a single-centered, randomized, blank-controlled trial. Between January 2012 and June 2012, 319 male patients with NAFLD were referred to the outpatient department of gastroenterology, Huadong Hospital, Fudan University. Those permanently living in Shanghai who were ≥ 45 years old, were male patients, and were confirmed by liver ultrasonography to have different degrees of liver fatty change were screened for eligibility. The exclusion criteria included the following: (1) a history of alcohol intake greater than 20 g/day or 140 g/ week; (2) evidence of viral hepatitis, drug-induced liver disease, autoimmune liver disease, total parenteral nutrition, genetic disorders such as Wilson's disease, alpha-1-antitrypsin deficiency, and other conditions that could lead to liver steatosis; (3) consumption of hypoglycemic, hypolipidemic, anti-inflammatory and weight loss agents as well as any drug known to influence liver function and the presence of coronary, renal, pulmonary and thyroid diseases; and (4) transaminase levels that were more than double the upper limit of the normal reference value.
All patients underwent routine history taking, anthropometric measurements, laboratory assessments and abdominal ultrasonography within one week prior to the beginning of the study. Participants with evidence of hepatic steatosis or abnormal blood tests of liver function were further questioned (especially regarding family history and history of drug use) and ruled out if they met the exclusion criteria. A computer-generated randomization sequence assigned the eligible patients in a 1:1 ratio to the test group with lifestyle intervention or the control group without it.
Evaluation and monitoring of patients. All subjects were asked to avoid a high-fat diet in the evening before the examination and to fast overnight for at least 8 hours before the examination. Height and weight were measured with an accuracy of 0.1 cm and 0.1 kg, respectively. Measurements were performed in the standing position, with minimal clothing and no shoes. Fasting blood samples were collected from a cubital vein, centrifuged to separate the serum and kept at − 80 °C until analysis. An ultrasound scanner (LOGIQP6 PRO, GE company) was applied to assess liver fat content. The diagnosis of NAFLD was based on the presence of at least 2 of the following 3 criteria: increased hepatic echogenicity compared to the spleen or the kidneys, blurring of liver vasculature and deep attenuation of the ultrasonic signal according to the Asia-Pacific region. Liver ultrasound was reviewed and scored by the same 2 experienced radiologists. They were blinded to treatment allocation, clinical information and laboratory data. If conflicts existed when interpreting the image, a final conclusion was determined after discussion. Hepatic steatosis was categorized as grade 0 (lack of fat accumulation), grade 1 (mild increase in echogenicity with normal visualization of the diaphragm and intrahepatic vessel borders), grade 2 (moderate increase in echogenicity with slightly impaired visualization of the diaphragm and intrahepatic vessel borders), and grade 3 (severe increase in echogenicity with markedly impaired visualization of the diaphragm, intrahepatic vessel borders, and the posterior portion of the right hepatic lobe). The baseline characteristics are illustrated in Table 1 .
Lifestyle Interventions. All enrolled patients in the test group received lifestyle counseling regarding their diet and physical activity from 2 professional physicians (one dietician and one exercise physiologist). Doctors conducted a phone visit (the duration of a typical phone visit was approximately 10 minutes) with the patients in the test group every 3 months from July 2012 to July 2014, providing health guidance on diet and exercise; in contrast, patients in the control group did not receive periodic calls concerning lifestyle interventions from their doctors. During each visit, patients in the test group were encouraged to continue adhering to the advice. Later, they were reminded to receive an annual physical examination in both July 2013 and July 2014. The detailed follow-up procedure included anthropometric measurements, collection of fasting blood samples and abdominal ultrasound as entry, as well as a face-to-face interview for all subjects. Participants could provide feedback regarding the problems they encountered and received an individual reply.
The dietary intervention aimed to control total calorie intake (especially avoiding greasy food) for ideal weight. The goal of weight management was to obtain a negative calorie balance (25-30 calories/kg/d) for overweight and obese individuals and a neutral calorie balance (30-35 calories/kg/d) for those with normal BMI. The dietary pattern was distributed as 23~30% fat (with one-third saturated and two-thirds unsaturated fatty acids), 15~20% protein, and 50~60% carbohydrate. Based on specific body mass and intensity of labor, the doctors made personalized dietary prescriptions for each individual.
Patients were advised to modify sedentary lifestyles and to choose proper exercises according to their favorite activity and physical condition. They were encouraged to engage in moderate (60~80% of target heart rate) to vigorous (≥ 80% of the target heart rate) aerobic exercise such as fast walking, jogging, bicycling and swimming at least 3 to 4 times per week, for 30 to 60 minutes each time. They were recommended to gradually increase their exercise time and intensity until they reached their goal and to maintain this level throughout the whole study. A simple calculation formula was used to obtain the target heart rate: (170 -age) times per minute. The duration of physical activity was monitored using self-monitoring forms.
All sessions were led by the dietician and the exercise physiologist, who provided the diet and exercise proposal. At each visit, subjects were asked to complete a three-day dietary and exercise recall and send it to the doctors by e-mail. The doctors reviewed the records to identify areas of success and areas requiring further improvement to ensure that they could communicate with patients in a timely manner. In the test group, poor compliance was determined if a patient missed two consecutive appointments and was unable to be contacted via phone, whereas in the control group, poor adherence was defined by the latter situation.
Statistical Analysis. SPSS 21.0 software was used for the statistical analysis (SPSS Inc, Chicago, IL).
Continuous variables were presented as the mean ± standard deviation. A two-tailed, paired Student's t-test was applied for the comparisons between groups as well as the before and after treatment comparisons. To test the differences within the groups, Wilcoxon's rank sum test was performed. To test the differences between the 2 groups, Mann-Whitney rank sum test was performed. All P values were two-sided, and values less than 0.05 were considered statistically significant.
